Introduction
Radon ( 222 Rn) is a naturally occurring, inert radioactive gas formed in the uranium ( 238 U) decay series. Uranium and all its decay products (up to lead) are solid elements except radon is a noble gas. 222 Rn decays to form a series of short-lived radionuclides known as radon daughters or progeny; 218 Po, Radon is found everywhere in all rocks and soils, outdoors and indoors. Outdoors, radon and its decay products rarely reach high levels because of continual dispersion and dilution. Whereas in indoors, reduced ventilation may cause radon and its decay products to reach levels that are orders of magnitude above the outdoor levels (Khan, 2000) . The radon decay products may be attached to ambient aerosols and when inhaled can be retained in the lung and deliver a dose to its walls by alpha particle emission. Therefore, the major risk to health is from the radon progeny rather than the radon progenitor (ICRP, 1993) .
As a consequence of the high proportion of time spent indoors and the elevation of indoor radon concentrations relative to outdoor concentrations, most exposure to radon and its decay products occurs indoors. The inhalation of radon and radon decay products is the largest contributor to the natural radiation exposure of the population and a high number of lung cancer cases are reported annually (NCRP, 1984) .
Radon in schools
Because many people (as well as children) spend much of their time at home, the home is likely to be the most significant source of radon exposure. Therefore, indoor radon tests should be performed and actions to be taken to reduce the radon concentration levels if they are too high. For most school children and staff, the second largest contributor to their radon exposure is likely to be their school (EPA, 1993) .
Early concern about indoor radon focused primarily on the hazard posed in the home. Later on, extensive research on the presence and measurement of radon in schools has been conducted (EPA, 1993) . Schools as many buildings (or dwellings) may have high radon levels (Vaupotic, 2002) which depend on the construction materials, quality of buildings as well as the ventilation.
Elementary schools in Tunis
In winter in Tunisia, the windows and doors of classrooms are commonly closed during the teaching hours in order to keep the indoor atmosphere warm. Heating/air-conditioning systems are not used in the schools. This situation results in reduced ventilation and therefore the concentrations of radon and its progeny are expected to be higher compared to when the windows and/or the doors are left open.
Materials and method
Radon surveys carried out in homes and work places (including schools) are commonly limited to radon measurements only. However, additional measurements of the radon progeny are required in order to obtain the better estimate of the radon dosimetry, considering that it is the presence of radon progeny in the indoor air is the major contributor to the radiation dose to the lungs and the epithelium layer are concerned. Simultaneous measurements of radon and the radon progeny provide practical estimates of the equilibrium factor (EF), which is an important parameter in the radon dosimetry. It is a common practice to measure radon only and adopt an appropriate EF value (commonly 0.4) in the dose calculation (UNSCEAR, 2000) .
Since our present study for radon measurements was planed to be carried out during the winter period when the ventilation rate is poor, measurements aimed at estimating the equilibrium factor (EF) were also considered in some of the classroom so that an idea about such an EF may be obtained.
Solid state nuclear track detectors were used in this survey to provide integrated measurements over a period of 3 months during the cold climate in the investigated classrooms. Kodalpha 1 radon dosimeters supplied with LR-115 nuclear track films have been selected for this survey. A track detector was kept inside a pre-calibrated cup, which is provided with pin holes at the top side to allow the entry of radon only (as a closed detector). A detector was installed in each classroom for the measurement of indoor radon. In some of the classrooms, an additional detector was placed open (without the cup) to allow the measurements of radon and its progeny, Figure 1 . Based on the difference between the two readings of the track density from the two dosimeters (in the investigated classrooms), the equilibrium factor may be determined. 
Results and discussions
The study covered schools within the city of Tunis and from the nearby countryside. Sixty classrooms from 30 schools were covered in this study for the measurements of indoor radon with the closed dosimeters. In each school, one classroom was chosen from the ground floor where the other one was from the first floor, where available. In some of the classrooms (15 classrooms) open dosimeters were used for additional measurements for the radon progeny. However, some of the closed detectors were lost from 7 classrooms and one open detector from a classroom.
The indoor radon concentration for 53 classrooms covered in 28 schools was found to vary in the range 6-169 Bq m -3 with a mean value of 26.9 Bq m -3 . The radon concentration levels are generally low with most values below 80 Bq m -3 with only one data of a double value (169 Bq m -3
). Figure 2 represents the frequency distribution.
The mean value for the indoor radon concentration levels obtained in this work for the schools in Tunis, are lower than the reported values for the indoor radon survey conducted in dwellings all over Tunisia which showed an average mean value of 45 Bq m -3 (El May et al., 2004) . 
RADON IN ELEMENTARY SCHOOLS IN TUNISIA

Radon in different building age and different floors
Ages of the school buildings encountered in this study vary widely from about five years to more than a century. It is however observed that the old buildings are well maintained. An evaluation of the radon data was carried out to detect if any age dependent factors, such as cracks in the walls due to usage, structural differences (e.g. wall thickness and room size), etc., has any impact on the radon concentration. But as presented in Figure 3 , there is no observable correlation between radon concentration and age of building. This may be attributed to the good maintenance of the school buildings. The building materials may also have low concentration of radon precursors or/and low radon exhalation. This result is in contrast to what was observed in a similar study conducted in Amman (Jordan) where some age dependent variations in indoor concentrations were reported in kindergartens (Kullab et al., 1997) . However, Kullab et al. (1997) also indicated that the classrooms in the older buildings were relatively smaller in size, have cracks in the floors and walls, and have relatively poor ventilation compared to new kindergartens.
Comparison of radon concentration in ground floor classrooms to those of higher floors shows that radon concentrations are higher on the ground floor except for two cases as shown for each individual school in Figure 3 . In Table I , the values for the average radon concentrations are provided for both floors as well as for all classrooms showing that in the ground floor the radon concentration is The results presented in Table II are 
Measurements of the equilibrium factors
For estimating the equilibrium factor EF between radon and its progeny, two detectors open and closed were used simulituously. The calculations provided by DOSIRAD for the equilibrium factor EF are based on finding out the ratio R between the readings of the open and closed radon detectors, then using the Polynomial as follows: 
The results from 14 detectors were found to show that the mean value of the equilibrium factor is 0.404 for the classrooms in the ground floor and 0.554 for classrooms in the first floor. The overall mean value is 0.489 for EF for all the classrooms.
Effective dose
From a radiological point of view, radon is a major cause of the dose absorbed by the population (UNSCEAR, 2000) and such a cause increases at places of reduced ventilation such as, for example, the classrooms in winter in Tunis. Therefore, the estimation of the health risk associated with the inhalation of 222 Rn and its progeny by the pupils and the teachers inside the classrooms of the elementary schools is important since for people with younger age, lung cancer rates are significantly higher in places where the radon concentration is higher (Pearce and Boyle, 2005) .
The annual effective dose D EFF (mSv y -1 ) to the pupils and teachers were calculated using the relations adopted from UNSCEAR (2000);
where C Rn is the indoor radon concentration, T is the exposure time in one year and 9 nSv per (Bq h m -3 ) is the effective dose coefficient or conversion factor converting radon concentration to effective dose. This value is based on dosimetric model for an adult male of average breathing rate 0.6 m 3 h -1
, in indoor of aerosol median diameter of 100-150 nm. Higher dose conversion factor is expected for pupils due to their higher breathing rate. The exposure times per annum are 704 h (22 hours/week) for pupils and an average of 960 h for the teachers. The annual effective doses were calculated based on these exposure times, the average EF (= 0.49), and the values of radon concentrations obtained in this survey. The ranges and means of the effective doses are 0.025-0.715, 0.114 mSv/y and 0.019-0.525, 0.084 mSv y -1 , for teachers and pupils, respectively. The teachers' estimates may be taken as representative for the pupils as well considering that their breathing rates are higher than the assumed average for adults. The values are, however, less than the ICRP recommended value of 1 mSv y -1 for general public.
Conclusion
This study present the first set of data on indoor radon measurements in schools in Tunisia. The indoor radon concentration levels in selected elementary schools of Tunis range from 6 to 169 Bq m -3 with a mean of 26.9 Bq m -3
. Although the measurements were conducted during winter, these values are relatively low and do not constitute any radiological concern. The good (relatively large) sizes of the classrooms and the good maintenance have contributed towards such low indoor radon levels. The results also show that the age of building is not an overriding influencing factor on indoor radon concentration if the building is well maintained.
Another significant contribution of the study is that it presents additional measurements that were used to estimate the equilibrium factor (EF) between radon and its decay products. The mean EF obtained in this study (of 0.49) is close to the internationally adopted value of 0.4.
The annual effective dose corresponding to the radon concentration values also vary between 0.025 and 0.715 mSv y -1 for teachers and 0.019 to 0.525 mSv y -1 for pupils. These values are much lower than the limits recommended by ICRP.
